1000 athletic exposures, collegiate female soccer players are at a four times higher risk of an ACL injury than their male counterparts, 6 with ACL injuries accounting for 7% of all injuries. 7 Valgus collapse, particularly large or asymmetrical peak knee abduction moments and knee abduction angles/medial knee displacements during drop vertical jump (DVJ) landings, has been associated with increased risk of primary and secondary ACL injuries [8] [9] [10] and may contribute to anterior knee pain. 11 Although the DVJ has been criticized as a method for assessing movement, 9 it remains one of the most published and clinically feasible assessments of jump landings and knee mechanics. [12] [13] [14] [15] [16] [17] [18] [19] [20] Neuromuscular injury prevention programs can change movement patterns such as valgus collapse. 17, [21] [22] [23] [24] The Sportsmetrics ™ program was reported to decrease peak knee abduction moments during jump landings by approximately 50%, 21 and after a season performing the Prevent Injury and Enhance Performance Program (also known as the PEP program), female soccer players landed DVJs in less hip internal rotation and adduction. 22 However, there have been no studies examining the biomechanical effects of the 11+. Given the focus of the 11+ on proper landing technique, it is unknown whether the 11+ changes athletes' movement patterns. Further, no studies of the 11+ have reported results over multiple seasons. Understanding whether the 11+ changes movement patterns will help to determine the mechanism of the program, inform clinicians and researchers regarding the program's effect on potentially risky knee and hip biomechanics, and lead to information on if such mechanical changes are different from one season to the next. Changes, or lack thereof, in movement patterns over multiple seasons, are important to inform program implementation as well as exercise or progression modification for athletes' continued benefit and protection. Thus, the purpose of this study was to explore the changes in hip and knee biomechanics, particularly those associated with valgus collapse, over two soccer seasons using the 11+ injury prevention program. Our hypotheses were (a) after using the 11+ for one season athletes in the intervention group would have smaller peak knee abduction, hip adduction, and hip internal rotation angles and moments than athletes in the Control group, and (b) after using the 11+ for a second season athletes would have further decreases in peak knee abduction, hip adduction, and hip internal rotation angles and moments compared to the first season of 11+ use. This study aimed to place biomechanical changes in the context of clinically meaningful alterations in movement patterns through comparisons to smallest detectable change (SDC) and minimum important differences (MID) values.
| METHODS

| Participants
The coaches of all 10 National Collegiate Athletics Association (NCAA) women's soccer teams located within an hour driving distance of the testing location were contacted regarding study participation. Three teams (NCAA Division I and II) agreed to participate. Two teams were selected as intervention teams (11+ group) based on their willingness to implement the 11+. The third team agreed to participate but only as a control. All athletes gave written informed consent prior to participating, and the study was approved by the University of Delaware human subjects review board. Athletes were included regardless of position, academic year, or injury and surgery history, but excluded if they were unable to perform a DVJ.
Sixty-eight athletes (11+ = 48, Control = 20) were enrolled and participated in at least one testing time point (Figure 1 ). Fifteen Control group and twenty-two 11+ group athletes had complete biomechanical data for all time points and were included in the biomechanical analyses ( Figure 1 ). 
| Intervention
Led by their coaches or athletic trainers, the intervention group performed the 11+ (http://fifamedicinediploma. com/cdn/11plus_workbook_e.pdf) for two consecutive seasons ( Figure 1 ). The coaches and athletic trainers of the 11+ teams were educated about the 11+ in person and over the phone as well as provided with written material and a program DVD. None of the teams had used or were familiar with the program prior to the study. The teams instituted the 11+ during preseason and continued to perform the program prior to training sessions or games at least three times per week throughout both seasons. No interventions were performed during the off-season. Compliance was reported to one researcher (HSG) by the coaches at the end of each season. The Control team was followed up for one season ( Figure 1 ). The Control team performed their standard warm-up involving dynamic stretching of the lower extremities, running, and passing a soccer ball while stationary and running.
| Motion analysis
Details of the DVJ, motion analysis, and postprocessing methods are described in Appendix S1. Motion analysis of a DVJ was performed in preseason and postseason (Figure 1 ), using an eight camera motion system (VICON; Oxford Metrics Ltd, London, England) sampling at 240 Hz, and two six component embedded force plates (Bertec, Worthington, Ohio, USA) sampling simultaneously at 1080 Hz. Twentytwo retro-reflective markers were affixed to the acromion, pelvis, and lower extremities, and six rigid shells were affixed to the trunk, pelvis, thighs, and shanks (Appendix S1). All markers were placed by one researcher (AA). The DVJ was performed similar to Hewett et al 8 Athletes dropped from a 40 cm box, landing with one foot on each force plate. Upon landing, athletes immediately jumped up and landed again with one foot on each force plates. Analysis focused on the first jump, with initial contact defined as when the vertical force exceeded 5N. Athletes were given verbal instructions and allowed to practice the DVJ before three trials were recorded. Only the second and third trials were analyzed (Appendix S1). Rigid-body analysis and inverse dynamics postprocessing were performed using Visual 3D (C-Motion Inc., Germantown, Maryland, USA). Kinematic and kinetic data were low-pass filtered at 6 Hz and 40 Hz, respectively. 25 External moments were calculated and in accordance with the right-hand rule, thus hip flexion, adduction, and internal rotation, as well as knee extension and adduction, were represented as positive values. Variables of interest were the peak hip flexion, adduction, and internal rotation angles and moments, as well as peak knee flexion and abduction angles and moments. Limb dominance was determined through athlete self-report of their preferred kicking leg.
| Smallest Detectable Change (SDC) and
Minimum Important Differences (MID)
Smallest detectable change (SDC, also known as the minimum detectable change) and minimum important difference (MID, also known as the minimum clinically important difference) were calculated to help establish whether observed changes hold measurable and clinical impact. 26 SDC and MID methods are detailed in Appendix S1. Using the preseason data from all athletes with complete 1st season data (N = 54, 11+ and Control groups combined, Figure 1 ), intraclass correlation coefficient (ICC)(2,1) were used to examine the reliability of all knee and hip variables. who went on to incur a noncontact lower extremity injury during the season (N = 11) were compared to those who did not have an injury (N = 9) using a MANOVA. A noncontact lower extremity injury was defined as a physical complaint regarding the foot, ankle, shank, knee, thigh, hip, or groin, which caused an athlete to miss one or more training sessions/games and were not the result of a collision with another player or object. 28 The mean difference between the injured and uninjured athletes was compared to the SDC. Where the mean difference between injured and uninjured Control group athletes exceeded the SDC, the mean difference value was taken as an MID (Table 1 , Appendix S1).
| Valgus collapse values
Valgus collapse is often studied by looking at its components (hip adduction, hip internal rotation, and knee abduction) individually. However, none of these motions occur in isolation, so to examine these variables together, a measure of valgus collapse was created. The hip adduction, hip internal rotation, and knee abduction angles were calculated at the time of peak knee flexion and the equation was used as follows: Valgus Collapse Value = hip adduction angle + hip internal rotation angle + (knee abduction angle x −1). Thus, negative valgus collapse values indicate an athlete is in more varus pattern involving hip abduction, external rotation, and knee adduction, where as positive valgus collapse values indicate more valgus and hip adduction, internal rotation, and knee abduction ( Figure 2 ).
| Statistical analysis
Demographic and anthropometric variables were compared between groups using t tests and Fischer's exact tests. To examine changes in biomechanics over the first season, 2 × 2 (time × group) repeated-measures ANOVAs with planned least squared comparisons assessed if the Control group and the 11+ group changed differently over the first season. Planned comparisons were the interaction effect, change over the season for each variable of interest in the Control and 11+ groups, and differences between groups at pre-and postseason. The mean change over the season for each group was compared to the SDC and MID values (Table 1 , Appendix S1). Only statistically significant changes greater than the SDC were considered meaningful, and changes greater than the MID considered clinically meaningful. Analysis of peak knee abduction angles bilaterally over the first season found main effects of group. To investigate this between-group effect further, the authors performed a one-way ANOVA comparing the postseason peak knee abduction angle of 11+ and Control groups, including preseason peak knee abduction angle in the model as a covariate. A 2 × 2 (time × group) ANOVA was also used to determine whether the 11+ and Control groups' valgus collapse value changed differently across the first season.
Changes over the second season of 11+ use were compared to the changes over the first season using a 2 × 2 (time × seasons) repeated-measures ANOVA with planned least squares comparisons. Again, planned comparisons were the interaction effect and the mean change across seasons was compared to the proposed SDC and MID values, and difference between the 1st and 2nd season at pre-and postseason.
| Power analysis
An a priori power analysis was performed using G*Power software v 3.1.0 (Universität Düsseldorf, Düsseldorf, Germany). The preseason mean dominant peak knee abduction angles for the Control and 11+ groups were used to establish an effect size sensitive enough to detect a change larger than the SDC. ) values were considered small ≥0.01, medium ≥0.06, or large ≥0.14. 29 
| RESULTS
There were no differences between groups in any demographic or anthropometric variables (Table 2) .
First season (Table 3) : There were significant main effects of time for nondominant peak hip adduction angle (F (1,35) = 4.51, P = 0.04, η p 2 = 0.11) and peak hip internal rotation angle (F (1,35) = 5.33, P = 0.03, η p 2 = 0.13, but only the 11+ group had a meaningful change (Table 3 ). There were also significant main effects of time and group on both the dominant (main effect of time F (1,35) = 19.00, P < 0.01, η p 2 = 0.36; main effect of group F (1,35) = 18.49, P < 0.01, η p 2 = 0.59) and the nondominant (main effect of time F (1,35) = 4.01 P = 0.05, η p 2 = 0.10; main effect of group F (1,35) = 25.58, P < 0.01, η p 2 = 0.42) for knee abduction angle (Table 3) . On the dominant limb, both groups had clinically meaningful increases in knee abduction angle. On the nondominant limb, both groups had meaningful increases. To investigate the main effect of group further, the authors performed one-way ANOVAs comparing postseason peak knee abduction angles between groups, controlling for preseason peak knee abduction angle. There were no significant differences between groups in postseason peak knee abduction on either the dominant (F (1,35) = 1.60, P = 0.21) or the nondominant limb (F (1,35) = 2.01, P = 0.17) when controlling for preseason peak knee abduction angle, meaning that when controlling for baseline differences between groups, there was no difference between the Control and 11+ groups at postseason. There were no significant time x group interactions for the valgus collapse value for either limb (Dominant In addition to the motions related to valgus collapse, both groups had meaningful decreases in dominant peak hip flexion angle (main effect of time F (1,35) = 4.85, P = 0.04, η p 2 = 0.13). There was also a significant time × group interaction for dominant peak knee flexion angle (F (1,35) = 7.64, P = 0.05, η p 2 = 0.18) ( Table 3) . Both groups had decreases in peak knee flexion angle, but the Control group had a clinically meaningful decrease, where the 11+ group did not have a meaningful change ( Figure S1A ). On the nondominant limb, there was no significant time x group interaction (F (1,35) = 2.93, P = 0.10, η p 2 = 0.08); however, there was a significant main effect of time (F (1,35) = 4.25, P = 0.05, η p 2 = 0.11) ( Table 3) . Both groups had decreases in peak Indicates significance and a meaningful or clinically meaningful change in one or both groups, # indicates significant but no meaningful change in either group. *indicates a meaningful change across the season **indicates a clinically meaningful change across the season. Note: In accordance with the right-hand rule hip flexion, adduction, and internal rotation as well as knee extension and adduction are represented as positive values. As some athletes landed in hip adduction (+) while others landed in hip abduction (−) the mean peak hip adduction angle is negative as it is in hip abduction. Similarly, for hip internal rotation, the mean peak hip internal rotation angle is actually in hip external rotation.
knee flexion angle, but this decrease was only meaningful in the Control group ( Figure S1B ). Second Season (Table 4) : There was a significant time x season interaction in nondominant peak hip adduction angle (F (1,42) = 1.40, P = 0.02, η p 2 = 0.13) ( Table 4) . During the first season, the peak hip adduction angle moved meaningfully into more hip abduction; however, during the second season, there was no meaningful change ( Figure 4A and B) .
There was also a time × season interaction for nondominant peak hip internal rotation angle (F (1,42) = 6.69, P = 0.01, η p 2 = 0.14) ( Table 4) . During the first season, the peak hip internal rotation angle moved meaningfully into more hip external rotation, but no meaningful change occurred in the second 11+ season ( Figure 4C and D) . There was a significant time × season interaction for dominant peak knee abduction angle (F (1,42) As many athletes landed and remained in hip abduction (-) rather than hip adduction (+), the mean peak hip adduction angle is actually in hip abduction. Similarly for peak hip internal rotation, as many landed and remained in hip external rotation (-), the mean peak hip internal rotation angle is actually in hip external rotation. | ARUNDALE Et AL. η p 2 = 0.11) ( Table 4 ). There was an increase in peak knee abduction angle over both seasons; however, this increase was only clinically meaningful during the first season ( Figure 4E ). On the nondominant side, there was a main effect of time (F (1,42) = 5.32, P = 0.05, η p 2 = 0.11) ( Figure 4F ), with meaningful increases in peak knee abduction angle over both seasons. There were no significant time x season interactions in valgus collapse value for either the dominant (F (1,42) In addition to the motions related to valgus collapse, there was a significant time x season interaction (F (1,42) = 3.98, P = 0.05, η p 2 = 0.09) in nondominant peak hip flexion angle (Table 4) . During the first season, there was a meaningful decrease in peak hip flexion angle; however, during the second season, there was a meaningful increase ( Figure S2A ). This pattern was similar on the dominant limb; however, the interaction was not significant (F (1,42) = 3.33, P = 0.08, η p 2 = 0.08) ( Table 4 , Figure S2B ).
| DISCUSSION
The 11+ encourages proper lower extremity alignment and jump landing technique. Theoretically, teaching players appropriate technique should influence biomechanical risk factors, such as valgus collapse and peak knee abduction moment, 8 and ideally lead to a reduction in knee and ACL injuries. This study did not find any meaningful changes in peak knee abduction moment over either season of 11+ use, and both Controls and 11+ athletes had increases in peak knee abduction angles. Over the course of the first season, the 11+ and Control groups had similar changes in valgus collapse values, and neither had bilateral changes in frontal or transverse plane hip mechanics. As neither of the study hypotheses were supported, the results of this study indicate that the mechanism by which the 11+ reduces noncontact lower extremity injuries may not be via avoiding valgus movement patterns, and that in collegiate women the 11+ may need to be modified so that it can make a greater impact on biomechanics associated with higher knee injury risk.
A primary focus of this study was changes in valgus collapse, the combined motion of hip adduction, internal rotation, and knee abduction. Knee abduction angle and moment, in particular, have been associated with both primary and secondary ACL injury risk. [8] [9] [10] In the first season, both Control and 11+ athletes experienced a bilateral increase in peak knee abduction angle. Of particular concern, both groups experienced a clinically meaningful increase in dominant peak knee abduction angle. The 11+ athletes also had meaningful increase in nondominant peak knee abduction angle over the second season. The 11+ group did not experience a meaningful change in peak knee abduction moment over either season, but these results would seem to indicate that the 11+ may actually be accentuating movement patterns at the knee that were previously identified as risky during a drop jump. There were interesting results when examining the other two components of valgus collapse, peak hip adduction, and internal rotation angles. Over the course of the first season, the 11+ athletes landed in more hip abduction and external rotation on their nondominant limb. They did not, however, have any meaningful changes on their dominant limb. In contrast, although there were no statistically significant interactions or main effects, the Control group athletes had meaningful increases in hip abduction and external rotation on their dominant limbs, with no meaningful changes on the nondominant limb. It is unclear the reason for or impact of these results. It could be that the 11+ has unilateral effects; however, how or why the program would only impact one limb is uncertain. Collegiate women soccer players have biomechanical asymmetries, as was seen in establishing SDC values (Table  1 in Appendix S1). However, at baseline, the athletes were already in more hip abduction and external rotation on their nondominant limbs compared to their dominant (Table 1 in Appendix S1). For a soccer player, the nondominant limb is their stance leg, meaning it is the foot planted on the ground during kicking. It has been proposed that the nondominant limb of women soccer players may be at a higher risk of noncontact ACL injuries, 30 in which case the unilateral effects of the 11+ may have been helpful in protecting these athletes; however, this is only hypothetical. More research is needed into the mechanism of the 11+ and investigate whether the program indeed has unilateral effects. A unique aspect of this study was the creation of a valgus collapse measure. Hip adduction, hip internal rotation, and knee abduction do not occur in isolation and from a clinical standpoint knowing if a change is occurring specifically in hip abduction or external rotation may be less important than knowing whether the overall movement pattern is improving. Thus, use of this measure may be helpful to both summarize the results of the individual joint measures, and to frame a more global picture for change, or lack thereof, in movements these athletes are performing. In the present results, the mean valgus collapse value at baseline on the dominant limb was around zero for both groups, and slightly negative (indicating more hip abduction, external rotation, and knee adduction) on the nondominant. Such a baseline indicates that the mean across athletes was not in a valgus collapse. Further work examining the valgus collapse value could explore if athletes who had positive valgus collapse values changed differently over the course of the season from those closer to neutral. The results of this study do indicate that although both the 11+ and Control group athletes landed in more knee abduction at postseason, the valgus collapse values indicate that such changes at the knee may have been countered by the changes at the hip, as both groups bilaterally land in a more varus pattern after the first season. Additional work examining the valgus collapse value could further justify its clinical utility as well as identify athletes who might gain more benefit biomechanically from the 11+ program.
In addition to avoiding knee valgus, the 11+ encourages "soft landings," or landings with greater hip and knee flexion. 3 Although the 11+ group was not different from the Controls in peak hip flexion angle (both groups had bilateral meaningful decreases), they did not have meaningful decreases in peak knee flexion angle on either limb. Sagittal plane forces alone do not cause ACL injuries, but a more extended knee position in combination with transverse and frontal plane forces may place the ACL at greater risk of injury. 31 Thus, the 11+ may have mitigated clinically meaningful decreases in knee flexion; however, such changes may have been less important in regard to preventing knee injuries than influencing frontal and transverse plane mechanics at the knee and hip. A strength of this study was the calculation of SDC and MID values. SDC and MID provide clinical context to changes seen in response to an intervention. Previous studies have found that motion analysis of a DVJ is reliable, 15, 16, 32 but none have used SDC or MID values to provide context for the amount of change needed to exceed the measurement error (SDC) and be clinically meaningful (MID). Further, unlike previous studies that have used a 31 cm step, this study used a 40 cm step, potentially serving as a reference for future work. Unfortunately, due to the step height difference, the SDC and MID values from this study cannot be used compare the results of this study to others, but previous biomechanical studies have shown neuromuscular prevention programs to change movement patterns. One study examining the PEP program (an 11+ predecessor), in high school-age women athletes found increases in hip abduction and external rotation angles. 22 The study only examined the dominant limb though. 22 Given the asymmetries between limbs and unilateral effects of the 11+ observed in this study, information on the nondominant limb effects of the PEP program would be valuable. Differences in external moment calculations, particularly the way moments were normalized, make comparison of this study to the outcomes of the Sportsmetrics ™ program difficult. 17, 21, 23, 24 Sportsmetrics is a 90-120-minute injury prevention program, performed two times per week for 6 weeks, and has reported changes in frontal plane knee mechanics. 17, 21, 24 Future research is needed to investigate whether the longer duration and higher intensity, particularly the higher dosage of plyometric exercises and close supervision, involved in the Sportsmetrics program as compared to the 11+, may be necessary to change biomechanical knee injury risk factors and preventing knee injuries in women. Overall, the results of this study indicate that changing DVJ landing biomechanics may not be the mechanism by which the 11+ prevents noncontact injuries. The 11+ has been shown to improve dynamic balance and agility in soccer players. 33 Thus, it seems plausible that the 11+ changes neuromuscular control, potentially without changing an athlete's biomechanics as captured by a traditional kinematic and kinetic viewpoint. For example, other biomechanical methods such as examining changes in power, or neuromuscular techniques such as electromyography could show changes as a result of the 11+ that were not seen in this study. It is also possible that another movement, such as a single leg cutting or jumping task, might better reflect changes. The DVJ is not a soccer movement and is artificial when performed in a laboratory as there is no ball, opponent, or gameplay, all variables that could make movement in a laboratory different from training or games. Further, although the efficacy of the 11+ has been demonstrated in college-age men 1,5 and high school-age women soccer players, 2 the efficacy in collegeage women is not yet known. The authors expect that the program helps to prevent lower extremity and knee injuries, but large-scale prospective studies are needed to determine the program's protective effects in college-age women soccer players. This study has limitations. Each exercise in the 11+ has three, progressively more difficult, stages. Unfortunately, neither the progression through the 11+, nor the number of times each individual player performed the 11+ were recorded. The program was run and progressed by coaches/athletic trainers, and the researchers only received verbal confirmation of compliance from the coaching staff at the end of the season. Future research must include details of progression through the 11+ stages and investigate compliance on an individual rather than team level. Future studies should also include site visits to ensure fidelity of the intervention. None of the coaches, athletic trainers, or athletes were familiar with or had performed the 11+ prior to this study, but future studies should explore whether athletes who progress to the most difficult level of exercises then plateau, potentially effecting the program's efficacy over multiple seasons. In addition, future studies should also include blinding and randomization.
To those unfamiliar with US collegiate sports, it may seem that this study had a very large loss to follow-up. Difficulties | ARUNDALE Et AL. associated with studying NCAA athletes over multiple seasons include injuries, graduation, scheduling conflicts, and university transfers, are common. Unfortunately, adding to these usual difficulties, this study also encountered marker drop out due to the athletes' arm swing obstructing cameras (Appendix S1). The researchers chose not to limit arm motion to preserve the sport-like quality of the task. This decision meant the loss of six players' data. However, the authors found no differences in first season biomechanics between 11+ athletes with two seasons of complete data vs only first season data (data not shown). Therefore, while future studies with smaller loss to follow-up are needed, the authors believe that this study stands as strong preliminary data.
In conclusion, this study found both the 11+ and the Control groups had bilateral increases in peak knee abduction angle, coupled with unilateral increases in hip abduction and external rotation on the nondominant side for the 11+ group and dominant for the Control group. Although the 11+ may have mitigated bilateral decreases in knee flexion angle, it is unclear the overall effects of the program on the variables that have been previously associated with knee and ACL injury risk. Due to the program's effectiveness in other cohorts, 1,2,5,34 the authors emphasize that this study should not dissuade clinicians, coaches, or athletes from implementing the 11+. Rather, this study stands as one of the first in many investigations of the program's mechanism, so that researchers and clinicians can continue to optimize the 11+; keeping future generations of athletes healthy and on the field.
| BRIEF PERSPECTIVES
The 11+ (previously known as the FIFA11+) is a neuromuscular injury prevention program involving running, strengthening, balance, and plyometric exercises. The program is effective in reducing lower extremity injuries in collegiate age men and high school-age women. 1, 2, 5 The 11+
program focuses on proper lower extremity alignment and landing technique with emphasis on avoiding valgus movement patterns (knee abduction, hip adduction, and hip internal rotation). This study found both the 11+ and the Control groups had bilateral increases in peak knee abduction angle, coupled with unilateral increases in hip abduction and external rotation on the non-dominant side for the 11+ group and dominant for the Control group. Although the 11+ may have mitigated bilateral decreases in knee flexion angle, it is unclear the overall effects of the program on the variables that have been previously associated with knee and ACL injury risk. Due to the program's effectiveness in other cohorts, 1,2,5,34 the authors emphasize that this study should not dissuade clinicians, coaches, or athletes from implementing the 11+ but provides support for future research into the mechanism and efficacy of the program.
